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Summary
We  identified the most prolific sows in French Large White herds and 17 hyperprolific
sows (HLW) were bought whose average  litter  size  on  3  farrowings was  16.5  piglets  born
alive,  i.e.  a  superiority  of  5.3  piglets  per  litter  over  their  contemporaries.  In  1  to  3
subsequent pregnancies we compared ovulation and embryonic mortality  rates  of  10 HLW
with  those  of  10  Large  White  (LW)  and  7  Meishan  (MS)  sows.  The  ovulation  rate  of
HLW  was significantly higher than that of LW  (-!-  5.3)  and MS ( +   5.7).  The ovulation rate
of HLW  daughters was higher by 2.1  corpora  lutea  compared to  that  of LW  gilts  at  the
3rd oestrus  after puberty, which occurred at  the same age  in  the  2 genotypes (228  days) ;
MS  gilts were pubescent significantly earlier (88 days) and had a significantly lower ovulation
rate than both Large White groups. The embryonic mortality  rate  was high  in HLW  sows
(41  p.  100),  whereas  that  of  MS sows  was  low  (16  p.  100),  compared  to  that  of  LW
sows (26 p.  100). Regression of embryonic mortality rate on ovulation rate was significantly
positive  (!- 2.5),  and embryonic mortality rate remained significantly  higher in  both Large
White groups than in MS sows when corrected for ovulation rate.  It  is  concluded that the
improvement of embryonic survival in Large White sows should be a high priority to improve
the efficiency of the hyperprolific line  and that the Meishan breed which is  prolific owing
to a low embryonic mortality may be an appropriate  experimental model.
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Résumé
Composantes de la prolificité de truies Large White hyperprolifiques
en comparaison avec des truies de races Meishan et  Large White
Les  truies  les  plus  prolifiques  des  élevages  français  de  race  Large  White  ont  été
recherchées.  Dix-sept  truies  hyperprolifiques  (LWH) ont  ainsi  été  achetées,  dont  la  taille
de portée moyenne, sur 3  mises bas, était de  16,5  porcelets nés vivants,  soit une supériorité
(1)  Permanent address :  Station  d’Am6lioration génétique des Animaux, B.P.  27, F 31326 Cas-
tanet-Tolosan.de 5,3 sur leurs contemporaines. Sur 1  à 3 gestations ultérieures nous avons comparé les taux
d’ovulation  et  de  mortalité  embryonnaire  de  10  truies  LWH à  ceux  de 10  truies  Large
White (LW) et de 7 truies de race Meishan (MS). Le taux d’ovulation des LWH  est  signifi-
cativement supérieur  à celui  des LW ( +   5,3)  et  des MS ( +   5,7).  Chez leurs  filles,  il  est
supérieur de 2,1  corps jaunes à celui des LW  dès le 3 e   cycle après la  puberté,  qui a lieu  à
un âge identique (228  jours).  Les jeunes  truies MS sont  pubères  plus  tôt  (à  88  jours)  et
ovulent  significativement  moins  que  les  LW aux  ler  et  3 e   cycles.  Le  taux  de  mortalité
embryonnaire  des  LWH est  très  élevé  (41  p.  100),  alors  que  celui  des  .MS  est  faible
(16  p.  100)  par rapport  à  celui  des LW  (26  p.  100).  La régression  du taux  de  mortalité
embryonnaire  sur  le  taux  d’ovulation  est  significativement  positive  (-! 2,5).  Le  taux  de
mortalité embryonnaire  corrigé  pour  le  taux  d’ovulation  reste  significativement  plus  élevé
dans les  2 groupes de Large  White que chez les  MS. Il  apparaît  donc que l’amélioration
génétique  du  taux  de  survie  embryonnaire  chez  les  truies  Large  White  est  un  objectif
prioritaire  pour  accroître  l’efficacité  de  la  lignée  hyperprolifique  et  que  la  race  Meishan
prolifique  grâce  à  une  faible  mortalité  embryonnaire  constitue  un  modèle  expérimental
privilégié.
Mots clés :  Races porcines,  prolificité,  taux d’ovulation,  mortalité  embryonnaire.
1.  Introduction
A  national programme for technical management of sow herds gives the  oppor-
tunity  of  identifying  periodically  the  most  prolific  sows  in  Large  White  herds.
Purchase  of  sons  from  those  « hyperprolific  » sows  permitted  the  creation  of  a
hyperprolific  line  of  boars  used  for  artificial  insemination (L EGAULT   & G RUAND ,
1976). The  components  of prolificacy of their daughters were analyzed (L EGAULT   et al.,
1981 ; B OLET   & L EGAULT ,  1982) but, up to now, no information was available  about
the  components of litter  size  of these  hyperprolific sows themselves ;  on the  other
hand,  it  seemed of great  interest  to  compare them to  the  prolific  Chinese  breeds
studied in France (L EGAULT   & C ARITEZ ,  1983). For these reasons, we purchased from
1981  to  1984  individual  hyperprolific  Large White sows and compared them and
their  daughters with Large White and Meishan sows and gilts.
II.  Material and methods
A.  Animals
The hyperprolific Large White sows (HLW) were identified  in herds according
to  their  prolificacy index  (I)  based on the number of  piglets  born alive  per  litter.
It was calculated on a maximum  of 3 litters, and sows were required to have a score
of 110 or more  to be selected.
where
n  is  the number of litters  (1, 2 or 3),
h 2   is  the  heritability  of litter  size  (=  0.10),
r  is  the repeatability  of  litter  size  (=  0.15),
Xt is  the  average  litter  size  of the sow and Xc the  average  litter  size  of the
contemporary  sows, both corrected for the age  of the animal (L EGAULT   & O WEN ,  1976).A total  of  17 HLW  sows were bought in  4  groups :  6  in  winter  1981-1982,
4 in  summer 1982, 4 in  summer 1983,  3  in  summer 1984.  After being  purchased,
they were housed  in  the  experimental  station  of  Rouillé  for  a  sanitary  isolation,
where they gave birth  to  a  litter.  The  10  sows of  the  first  two groups were then
transferred after weaning to the station of physiology of reproduction of Nouzilly to
be compared to  the Large White sows of this herd (LW) and to Meishan sows (MS)
transferred from  the  experimental herd of Le Magneraud. There were 4  series  of
comparison of the  3  genotypes. Sows were mated (MS) or inseminated (HLW and
LW) by  boars  of  the  same  genotype  at  the  first  oestrus  after  weaning  of  the
preceding  litter.  Eight  to  10 days  after  fertilization,  the  number of  corpora  lutea
on  each ovary was  counted by endoscopy according to the method  of L OCATELLI   (1971).
If  the  sow returned  to  service,  it  was  re-examined  after  another  fertilization.  The
embryonic  mortality  rate  was  calculated  a  posteriori  by  difference  between  the
number of piglets born (dead plus alive) and the  ovulation rate. The age at puberty
of daughters of HLW  sows of the first  group, born  in  Nouzilly, and contemporary
daughters of LW and MS sows was determined by  presenting  a  boar  twice  each
day from  150  days  in  both Large White groups and from  70  days  in  MS.  They
were submitted to an  endoscopy during the diestrus phase of the first oestrus and again
during the third post-pubertal oestrus to count the number of corpora lutea  in both
ovaries  (ovulation  rate).
B.  Statistical  methods
Litter  size  at  birth  (born  alive  plus  stillborn),  ovulation  rate  (number  of
corpora lutea in right plus left ovaries) and embryonic mortality rate (100 X   (ovulation
rate &mdash; litter size)/ovulation rate) of the 3 genotypes were compared with the following
analysis  of  variance  model :
where
G i   is  the fixed  effect  of the genotype (HLW, LW  or MS),
f jj   is  the  random effect of the  jth sow of the ith genotype,
S,;  is the fixed effect of the series of comparison (1, 2, 3 or 4),
P 1   is the fixed effect of the parity divided into 3 groups :
-  young sows :  1st  and 2nd litter,
-  adult sows :  3rd to 5th litter,
-  old sows :  6th to  8th  litter,
e ijktm   is the residual N(O, S 2 ).
The  effects  of  series  of  comparison  and parity  were tested  by comparison  to
the  residual,  the  effect  of  genotype  by comparison  to  the  effect  of  female  within
genotype. The least  squares estimates of genotype effects were compared by Student’s
t-test.
The regression coefficient of embryonic mortality (EM) on ovulation  rate  (OR)
was calculated by  the  following  analysis  of covariance models
The age at  puberty, ovulation  rate  at  1st  and 3rd oestrus  of  daughters  of  the
3  genotypes were compared by  Student’s  t-test.III.  Results
A.  Selection  of hyperprolific  Large White sows
Table 1  shows the prolificacy of the 17 HLW  sows. Their average within 
-  herd
prolificacy index was  112.1, corresponding  to  an average litter  size  of  16.5  piglets
born alive. The prolificacy  index of 2 sows could not be calculated ;  their  selection
was based only on litter  size  (respectively 38  piglets born alive  in  2  litters  and 48
in  3  litters).
B.  Comparison of the 3 genotypes
A  total of 27 sows (10 HLW,  10 LW,  7 MS)  were  compared  over 1  to 3 farrowings
(table  2).  The effects  associated  with  series  of  comparison  and  parity  were  not
significant for any of the 3 variates analysed (table 3). A  significant effect of genotype
on  ovulation  rate  (P <  0.01)  and embryonic  mortality  rate  (P <  0.05)  was noted
(table  3).  Ovulation  rate of HLW  sows was higher  than that of LW (+ 5.3 -L 1.3,
P  G  0.01 ) and MS sows  (+ 5.7 ±1.9, P  G  0.01 ).  Their  embryonic  mortality  rate
was also greater (+ 15 -L 11  and +  25 ±  14 respectively) but those differences were
not  significant  (table  3).  The  effect  of  genotype  on  litter  size  at  birth  was  not
significant, but MS sows exhibited a superiority of 3.6 -L 1.9  piglets over LW  sows.C.  Relationship between ovulation and embryonic mortality rates
In  model  (2),  the  effect  associated  with  the  within-genotype  regression  of
embryonic  mortality  on  ovulation  rate  was significant.  The  regression  coefficient
was  significantly  different  from  zero  in  HLW sows  (+ 3.4 -! 0.9).  It  was  not
different  from zero  in  LW (+ 1.9 -!-  1.4)  and  MS (+ 0.6±  1.4)  sows.  But  these
coefficients were  not significantly different between themselves. So we  cannot conclude
that  there  is  a  heterogeneity  of  regression  slopes.  So  we used  the  model  (3) ;
the effects associated with genotype and covariable were significant (F =  2.6 and 14.3
respectively).  The  slope  of  the  regression  was  2.5 ± 0.7  and  the  least  squares
estimates of embryonic mortality rate were respectively 32 1- 4,  34 ± 4  and 21 ±  4
for LW, HLW  and MS sows,  the  last  one being  significantly  different  from both
Large White groups (P <  0.05).
D.  Comparison of  gilts
There was no  difference  between the  2  groups  of  Large  White gilts  for  age
at puberty, whereas that of MS  gilts was very significantly lower (&mdash;  140 ±  12 days)
(table 4).  The ovulation  rate of MS  gilts  was significantly  inferior  to  that of HLW
and LW  gilts  at  1st and 3rd oestrus;  the  difference between LW  and HLW  gilts,
in  favor of  the  latter,  was significant  at  the  3rd  oestrus  (::t:  2.1  1-  0.9,  p <  0.05)
(table  4).
IV.  Discussion
A.  Selection of hyperprolific sows in  Large White herds
The HLW  sows exhibited a superiority of 12.1  points over their contemporaries
for  the  index  of  prolificacy,  i.e.  a  genetic  superiority  of  1.21  piglets  per  litter.Assuming that they were all  selected on the average of 3 litters,  then it  corresponds
to a selection  differential of 5.24  piglets.  It  is  not possible to  calculate the effective
selection rate for the choice of these sows, but this  selection differential corresponds
approximately  to  a  selection  intensity  of  2.95,  i.e.  a  selection  rate  of  0.4  p.  100.
The expected superiority of these HLW  sows over their contemporaries in 4th parity
is :
This  reduction  of  expected  superiority  after  selection  explains  partly  the
reduction of litter  size  at the 4th parity to  14.4 piglets  (table 1).
B.  Comparison of the 3 genotypes
The results  have  to  be  interpreted  with caution  because  the  number  of  data
is low and the experimental design is note balanced (table 2). However, a preliminary
analysis  in  which the  genotype*parity  interaction  as  added  to  model  { 1 )  did  not
show any significant interaction between genotype and parity (F =  0.20, 0.20 and 0.02
respectively  for litter  size,  ovulation  rate and embryonic mortality rate).
1.  Ovulation rate
HLW  adult  sows  differed  from  LW and MS by  a  high  ovulation  rate
(-! 5.3 and 5.7). Daughters of hyperprolific parents also showed from the 3rd oestrus
a superiority of 2.1 corpora lutea above control gilts. This superiority of the HLW  gilts
over the contemporary LW  gilts  was perfectly consistent with that of their  mothers
according  to  the  heritability  and  repeatability  of  this  trait,  around  0.3  to  0.5
C UNNINGHAM   B t  al.,  1979 ; L EGAULT   & G RUAND ,  1981).  These results  confirm  those
already obtained with progeny of hyperprolific boars or sows (L EGAULT   et  al.,  1981 ;
B OLET   & L EGAULT ,  1982). The repeatability of ovulation rate  between  1st  and 3rd
oestrus,  calculated with our data (table 4) was 0.65 (0.54, 0.44 and 0.43 respectively
in  LW, HLW  and MS gilts).  So,  although the method  of  selection  of HLW  sows
did not allow us to know  their ovulation rate at puberty, we may suppose that  it  was
already  high.  Conversely,  the  ovulation  rate  of  adult MS sows  was  close  to  that
of LW  sows. This result is  in good agreement with those of RoMSnuTS et al.  (1982),
but lower than those obtained in China by C HENG   (1983). MS gilts  were pubescent
very young, as was observed by L EGAULT   & C ARITEZ   (1983).  Their  ovulation  rate
observed  at  1st  oestrus was lower than that  of both groups of  Large White gilts,
but  similar to that observed by C HENG   (1983) ;  it  seemed to increase thereafter  at  a
rate parallel  to that of HLW  gilts  at  the  beginning, but did not  exceed that of LW
sows.
2.  Embryonic mortality rate and litter  size
The results  obtained up to  now on hyperprolific  boar or  sow daughters  had
shown an embryonic mortality rate which counterbalanced the increase of ovulation
rate in primipares (LEGAULT !t al.,  1981), but not in multipares (B OLET   & L EGAULT ,1982 ; B OLET ,  1984). Our data only partially confirm these  results,  as  the embryonic
mortality  rate  was  higher  in  HLW sow  compared  either  to  that  LW sows  or
to the  average value of 30 p.  100 cited in the literature (B OLET ,  1984). The positive
relationship  between embryonic mortality and ovulation rate  is  well known (B OLET ,
1984) and confirmed by our results (figure 1  Although the regression of embryonic
mortality on ovulation rate was significantly different from zero only for HLW  sows,
results  of model (2)  did not allow us to conclude that there was a heterogeneity of
regression slopes between genotypes. The regression coefficient we calculated (+ 2.5’
was similar to the value 2.1 obtained by KING  & W ILLIAMS   (1984). However, results of
model  (3)  show  that  there  was  a  significant  effect  of  genotype  on  embryonic
mortality,  even when we included  the  ovulation  rate  as  covariate. HLW and LW
sows had a similar  embryonic mortality  rate  (34  and 32  p.  100),  whereas that  of
MS  sows was significantly lower (21 p.  100). So, HLW  sows are in fact  Large White
sows characterized by a  high ovulation  rate  but  the  positive  relationship  between
ovulation  rate and embryonic mortality (figure  1)  resulted  in  their  prolificacy being
only slightly higher than  that  of LW  sows.  Conversely, embryonic mortality of MS
sows was low so that their litter size, although this result is not statistically significant,
was superior by 3.6  piglets  to  that  of LW  sows ;  this  observed prolificacy  of MS
sows is  in good agreement with the  results  obtained in  China (Z HANG  et  al.,  1983)
and in  France (L EGAULT   & C ARITEZ ,  1983 ; L EC nm,T et al.,  1984).  However the
comparison of embryonic mortality according to ovulation rate has to be interpreted
with caution, because the distribution of ovulation  differs widely between genotypes,especially  between HLW and MS sows  (figure  1).  The main problem is  to  know
whether we can combine the ovulatory capacity of the Large White breed, selected
in the hyperprolific line,  with the  « gestational  capacities  of  Meishan sows.
V.  Conclusion
Although the number  of data is low, these results show clearly that the 2 prolific
genotypes compared are characterized by a different balance between ovulation rate
and  embryo  survival  in  the  determination  of  their  litter  size.  The  hyperprolific
sows are no more than Large White animals with high ovulation rate ;  the method
of selection based on the whole population of  Large White herds strongly improved
the  efficiency  of  selection  compared  to  that  achieved  in  closed  herds (O LLIVIER
& B OLET ,  1981 ; J OHNSON   et al.,  1984)  as it  resulted  in this case in 2 additional ova
in HLW  daughters compared to LW  daughters. But the extreme embryonic mortality
rate  of  the  adult  hyperprolific  sows may considerably  limit  the  progress  towards
increased litter  size  at  birth  and their  superiority over contemporary LW  sows.
It may be concluded that  to  best utilise  hyperprolific  lines  in European breeds,
it  is  necessary  to  study ways of  improving the  embryo survival  rate.  The genetic
determinism  of  this  character  is  unknown (B OLET ,  1984)  but  the  results  obtained
in mice (B RADFORD ,  1979) show that  it  is  possible to increase it  by genetic selection.
For this purpose, the Meishan breed constitutes a new  experimental model as it  shows
that there is a high variability between breeds for embryonic survival. So it  should be
possible  to  better  analyse  the  genetic  and  physiological  determinism  of  embryonic
mortality  and to  improve the  efficiency  of  genetic  improvement  of  prolificacy  by
further comparing experimentally these  2  prolific  genotypes,  for  example by cross-
breeding,  synthetic  line  formation  or  embryo transfer.
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